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ABSTRACT
In this study, we evaluated the profile of anti-Paracoccidioides brasiliensis immunoglobulin isotypes in serum from patients with the acute and 
chronic forms of paracoccidioidomycosis, using the whole Paracoccidioides brasiliensis antigen and the antigen treated with sodium metaperiodate. 
All the immunoglobulin isotypes present in the serum from patients with the acute and chronic forms of paracoccidioidomycosis presented higher 
reactivity towards the whole antigen than to the antigen treated with metaperiodate (P < 0.05). The reactivity of IgG and IgM to the antigen treated with 
metaperiodate was greater in serum from patients with the acute form of the disease (P < 0.05), while IgA was more reactive in serum from patients 
with the chronic form (P < 0.05). There was greater reactivity of IgG1 and IgG2 to the whole antigen and the antigen treated with metaperiodate in 
the serum from patients with paracoccidioidomycosis than there was in serum from patients with other parasitic infections (P < 0.05). Furthermore, 
IgG1 from patients with the acute form recognized the 19kDa, 27kDa and 31kDa antigens in the western blot test. Thus, the results suggest that 
modifications to the epitopes of Paracoccidioides brasiliensis antigens may help to improve the immunodiagnosis of paracoccidioidomycosis. 
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RESUMO 
Neste trabalho, foi avaliado o perfil de isotipos de imunoglobulinas anti-Paracoccidioides brasiliensis em soros de pacientes com formas crônica 
e aguda de paracoccidiodomicoses usando antígeno total e tratado com meta-periodato. Todos os tipos de imunoglobulinas presentes nos soros 
de pacientes com formas aguda e crônica apresentaram alta reatividade ao antígeno total quando comparado ao tratado com meta-periodato 
(P < 0,05). Houve maior reatividade de IgG e IgM anti-antígeno tratado com meta-periodato em soros de pacientes com forma aguda da doença 
(P < 0,05), enquanto IgA foi mais reativa em soros da forma crônica (P < 0,05). Houve maior reatividade de IgG1 e IgG2 com antígeno total e 
tratado com meta-periodato em soros de pacientes comparados aos com outras parasitoses (P < 0,05). Além disso, IgG1 de pacientes com a forma 
aguda reconhecem antígenos de 19kDa, 27kDa e 31kDa por western blot. Assim, os resultados sugerem que alterações nos epitopos de antígenos 
de Paracoccidioides brasiliensis podem auxiliar no aprimoramento do imunodiagnóstico da paracoccidioidomicose.
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Paracoccidioidomycosis (PCM), a granulomatous disease 
caused by the dimorphic fungus Paracoccidioides brasiliensis, 
is the most prevalent systemic mycosis in Latin America4 5. 
Symptomatic individuals show one of two main clinical forms of 
the disease: the acute or subacute form, which is characterized 
by rapid and progressive infection and largely affects the 
mononuclear phagocyte system; and the chronic form, which 
frequently shows a slow course of pulmonary disease with 
mucocutaneous involvement.
The criteria for laboratory diagnosis of PCM rely on positive 
microscopic identification of the causative agent in KOH 
preparations or biopsy specimens, as well as on its isolation in 
cultures5 12. In addition, diagnostic methods based on serological 
tests have also been widely used to support identification of 
microscopy-positive cases5 14 and represent an important tool for 
follow-up of PCM patients6. However, serological tests normally use 
crude antigenic preparations of Paracoccidioides brasiliensis, 
which may be cross-reactive with tests for other mycotic diseases8. 
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Serum cross-reactivity of PCM with histoplasmosis and Jorge 
Lobo’s disease has also been detected when 43-kDa glycoprotein, 
an exocellular antigen obtained from a liquid culture medium of 
Paracoccidioides brasiliensis, is used. Cross-reactivity towards 
gp43 seems to be due to carbohydrate epitopes, since more than 
85% of the specific reactions of gp43 with serum antibodies from 
PCM patients have involved protein epitopes17. 
In this study, treatment with sodium metaperiodate was used to 
disrupt the carbohydrate epitopes of Paracoccidioides brasiliensis 
filtrate antigens and generate a purified protein antigenic preparation. 
Whole Paracoccidioides brasiliensis soluble antigens (WAg) and 
sodium metaperiodate-treated WAg (MPAg) were used to evaluate 
the profile of serum immunoglobulin isotype (total IgG, IgM, IgA, 
IgG1 and IgG2) reactivity towards Paracoccidioides brasiliensis 
in patients with acute or chronic forms of PCM. Furthermore, we 
used the western blot method to investigate serum IgG1 reactivity 
towards fractionated Paracoccidioides brasiliensis antigens in 
serum from acute and chronic PCM patients.
MATERIAL AND METHODS
Patients and controls. The study was conducted on serum 
samples obtained from twenty-nine patients with active PCM with 
either the acute form (no=15) or chronic form (no=14) of the 
disease. All the patients had PCM, according to the clinical diagnosis of 
symptoms that indicates presence of Paracoccidioides brasiliensis 
infection, and according to positive cultures and immunodiffusion 
tests for crude Paracoccidioides brasiliensis antigens. The samples 
were obtained from the University Hospital, Federal University of 
Juiz de Fora, Minas Gerais, Brazil, with the approval of the Ethics 
Committee for Human Research (No 098-22/2000). For this study, 
the controls comprised five normal individuals and five patients 
with Chagas’ disease or leishmaniasis.
Paracoccidioides brasiliensis antigenic preparation. 
Whole Paracoccidioides brasiliensis soluble antigenic 
preparation (WAg) was obtained as described previously10. The 
isolate of Paracoccidioides brasiliensis came from an individual 
with the acute form of PCM and the inoculum was cultured for 
15 days in Sabouraud medium. Fungal suspensions were washed 
(3X) in sterile saline at 3,000rpm for 5 min. The fungal mass 
was resuspended in an equal volume of sterile saline containing 
phenylmethylsulfonyl fluoride (PMSF) (20µl/ml) and then 
subjected to sonication (100 cycles/3 min; 20X) in an ice bath. 
After centrifugation at 10,000rpm for 40 min, the supernatant was 
dialyzed against distilled water for 48 h and stored at -20ºC.
Periodate oxidation. Carbohydrate groups of WAg were 
disrupted by treatment with sodium metaperiodate (Sigma), 
which yielded a purified protein antigenic preparation (MPAg). 
WAg was adsorbed onto flat-bottom Immunolon II microtiter 
plates, washed twice with 0.05M sodium acetate (pH 4.5) and 
treated with sodium metaperiodate (10mM in the acetate buffer) 
for one hour in darkness at room temperature. Afterwards, the 
plates were washed twice with sodium acetate and the reaction 
was stopped by adding sodium borohydride (50mM in PBS) 
(Sigma) for 30 min at room temperature. The plates were then 
washed twice with PBS.
Isotyping. Antibody isotype analyses were performed by specific 
ELISA to detect anti-Paracoccidioides brasiliensis reactivity, 
using plates adsorbed with WAg and MPAg Paracoccidioides 
brasiliensis antigens. Horseradish peroxidase (HRP)-conjugated, 
isotype-specific mouse anti-human IgG (antitotal IgG), anti-
IgM, anti-IgA, anti-IgG1 or anti-IgG2 (Southern Biotechnology 
Associates, Inc.) were used and the assays were developed by 
adding tetramethylbenzidine (TMB) peroxidase substrate solution 





, and the color reaction was read at 450nm in a 
microplate reader (Molecular Devices Corp).
Western blotting. WAg antigen was diluted in an SDS 
sample buffer (2% v/v SDS, 2% v/v 2-ME, 10% v/v glycerol and 
0.01% bromophenol blue in 0.125M Tris-HCl buffer, pH 6.8), 
heated at 95ºC for 5 min and analyzed by means of SDS-PAGE 
on 10% polyacrylamide gels. After electrophoresis, the antigenic 
fractions were transferred to nitrocellulose. The blots were 
blocked with 0.05% PBS, Tween 20 and 5% nonfat dried milk 
for 30 min. Serum samples (1:100) were added to each strip 
for 60 min at room temperature and then they were washed 
with blocking buffer. HRP-conjugated isotype-specific mouse 
anti-human anti-IgG1 (1:1,000) was added to each strip. After 
60 min, the strips were washed and the color reaction was 
developed with 0.06% 4-chloro-1-naphthol in tris-buffered 
saline (TBS) solution for 10 min. The reaction was stopped by 





Statistical analysis. The Mann-Whitney U test was used to 
analyze the positive significance (P < 0.05) of the immunoglobulin 
levels in the serum from the two groups of patients. A paired 
nonparametric test (Wilcoxon) was used to evaluate the 
differences in the patients’ serum reactivity towards WAg and MPAg 
antigenic preparations.
RESULTS
Serum immunoglobulin isotype reactivity in 
paracoccidioidomycosis patients. Serum from patients with 
both the acute and the chronic form of PCM showed higher reactivity 
towards all immunoglobulin isotypes (total IgG, IgM, IgA, IgG1 and 
IgG2) when WAg was used than when MPAg was used (P < 0.05) 
(Figures 1 and 2). Serum samples from patients with the acute form 
of PCM presented higher levels of total IgG (Figure 1A) and IgM 
(Figure 1B) anti-Paracoccidioides brasiliensis antibodies than did 
serum samples from patients with the chronic form of the disease, 
when the MPAg was used (P < 0.05). On the other hand, IgA levels 
specific to WAg were higher in the serum from chronic PCM patients 
than in the serum from acute patients (Figure 1C) (P < 0.05).
There were no significant differences in the reactivity of 
serum IgG1 and IgG2 between patients with the acute and chronic 
forms of PCM, regardless of the antigenic preparation used 
(Figure 2). However, the reactivity of the IgG1 (Figure 2A) and IgG2 
(Figure 2B) isotypes in patients with PCM was higher (P < 0.05) than 
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All serum samples were tested against whole (WAg) (    ) or sodium metaperiodate-treated 
WAg (MPAg) (   ) of Paracoccidioides brasiliensis; horizontal line (—) represents the 
median values of samples detected by ELISA. The optical density (OD) was measured 
at 450nm.  LEISH: Leishmaniasis, CD: Chagas disease, �p < 0,05 vs chronic patients      
(A and B), � p < 0.05 vs acute patients (C).
Figure 1 - Reactivity of total IgG (A), IgM (B) and IgA (C) in serum  from 
patients with acute and chronic paracoccidioidomycosis. Serum from 
PCM patients, healthy controls and diseased controls were screened. 
All serum samples were tested against whole antigen (WAg) (  ) or sodium 
metaperiodate-treated WAg (MPAg) (  ) of Paracoccidioides brasiliensis; 
horizontal line (—) represents the median values of samples detected by ELISA. The 
optical density (OD) was measured at 450nm. � p < 0.05 vs HC and LEISH/CD groups, 
LEISH: Leishmaniasis, CD: Chagas disease.
Figure 2 - Reactivity of IgG1 (A) and IgG2 (B) in the serum from PCM 




































































































































in the healthy controls or non-PCM diseased controls (Figure 2). 
Serum from patients with chronic PCM showed only low levels 
of specific IgG3 and IgG4 when either WAg or MPAg were used 
(data not shown).
Serum reactivity distinguished by western blotting. 
Western blot analysis with Paracoccidioides brasiliensis WAg 
using anti-human IgG1 polyclonal antibodies showed that antigens 
with molecular weights of approximately 19kDa, 27kDa and 
31kDa were markedly recognized by the serum immunoglobulins 
from patients with the acute form of PCM. In contrast, serum from 
both the chronic and the acute PCM patients reacted with antigens 
of 43kDa and 75kDa (Figure 3).
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DISCUSSION
Previous studies have shown the profile of serum 
immunoglobulin isotypes that are reactive towards Paracoccidioides 
brasiliensis antigens in acute and chronic forms of PCM, using 
Paracoccidioides brasiliensis filtrate antigens or purified 
recombinant proteins1 11. To our knowledge, this is the first study of 
serum reactivity in PCM that has compared antigenic preparations 
obtained from Paracoccidioides brasiliensis culture filtrates that 
differed according to their carbohydrate content.
The use of serological tests for PCM diagnosis has been very 
limited, mainly due to the high frequency of cross-reactivity with 
other infections, such as American trypanosomiasis, leishmaniasis, 
histoplasmosis and Jorge Lobo’s disease, among others18 19. In 
order to improve the specificity, a purified 43kDa glycoprotein 
(gp43) was used in serological tests and showed high-specificity 
results17 20. An additional study to evaluate the reactivity of gp43 
in serological tests was performed after treatment of gp43 with 
metaperiodate to disrupt the carbohydrates in the molecule, 
and this showed a reduction in nonspecific reactivity18. Despite 
these findings, no study with disruption of carbohydrates from an 
unpurified antigenic preparation of Paracoccidioides brasiliensis 
has been performed. In the present study, antigens obtained from 
Paracoccidioides brasiliensis culture filtrate (WAg) were treated 
with metaperiodate to obtain a carbohydrate-modified antigenic 
preparation (MPAg). WAg and MPAg were used to compare 
differences in the serum immunoglobulin isotype profile (total 
IgG, IgM, IgA, IgG1 and IgG2) in groups of patients with the acute 
and chronic forms of PCM, by means of ELISA.
The results presented here showed that serum from patients 
with either acute or chronic PCM had higher levels of total IgG 
and IgM reactivity towards WAg than against MPAg. However, only 
the IgG anti-Paracoccidioides brasiliensis isotypes (and not the 
IgM isotypes) were significantly increased in PCM patients, in 
comparison with the controls. Furthermore, acute PCM patients 
showed increased serum IgM and IgG levels only for MPAg. Several 
studies have demonstrated increased IgM production in early 
Paracoccidioides brasiliensis infection2 3 6. IgG is now seen to 
be higher in acute PCM patients than in chronic PCM patients and 
the present study is in agreement with other studies that showed 
that juvenile PCM patients had higher IgG anti-gp43 levels than 
did patients with the adult form of the mycosis1 6.
Analysis of IgA production also showed differences between 
acute and chronic PCM patients. In contrast to the higher IgG 
and IgM isotype reactivity in acute patients, there was higher IgA 
reactivity in chronic patients, which was mainly anti-WAg antigenic 
preparation. Together, these and previous observations7 suggest 
that carbohydrate epitope removal leads to decreased levels of 
IgA. On the other hand, higher levels of IgA reactivity towards the 
whole antigen could indicate lack of specificity for the reaction21. 
In addition, the increased levels of IgA in the chronic PCM patients 
might relate to chronic mucosal antigenic stimulation, which is a 
characteristic of the chronic form of PCM. It is very well known that 
chronic inflammation of the mucosa stimulates production of IgA 
antibodies1 9 10. In addition, the secretory IgA in saliva from PCM 
patients may be indicative that it has a protective role regarding 
antigen neutralization on mucosal surfaces15.
Previous studies showed that IgG1 antibodies were present, 
frequently at high levels, in subacute and chronic PCM patients1 11. 
Using both WAg and MPAg antigenic preparations, IgG1 and IgG2 
subclass levels were found to be similar in the two clinical forms. 
However, a significant difference in IgG1 and IgG2 levels was detected 
when comparing PCM patients with healthy controls and non-PCM 
diseased controls. Isotype-specific IgG1 western blot analysis of 
the reactivity towards fractionated Paracoccidioides brasiliensis 
antigens indicated that acute patients consistently recognize a set of 
antigens that are of approximately 19, 27 and 31kDa, in contrast with 
recognition of 43 and 75kDa antigens, which was common to both 
the acute and the chronic form. Similar findings were described by 
another author16, showing that a 38kDa antigen was recognized more 
frequently and intensely by the serum of acute PCM than by the serum 
of chronic patients. Another study showed that components of the 
Paracoccidioides brasiliensis with 27, 34 and 43kDa were reactive 
towards IgG anti-Paracoccidioides brasiliensis antibodies13. 
In conclusion, the present study suggests that the use of MPAg, 
obtained from treatment of WAg with sodium metaperiodate, could 
improve the serological test to distinguish between the chronic and 
acute forms of PCM, by testing the reactivity towards IgG and IgM. 
The measurement of total IgG and specific IgG1 or IgG2 was efficient 
in distinguishing between PCM patients and control individuals, 
using either WAg or MPAg. This study suggests that the detection of 
MPAg-specific IgG-antibodies reacting with low molecular weight 
antigens may be applied to the development of a better method for 
immunodiagnosis of paracoccidioidomycosis.
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